resource-constrained and peripheral centers of developing countries such as India.
Automated hematology analyzers are state of the art instruments which utilizes a combination of principles including light scatter, electrical impedance, fluorescent light absorption, and electrical conductivity for analysis of the blood cells. 3 Beckman Coulter LH series instruments are one such automated analyzers which provide quantitative cell population data (CPD) of leukocytes: cell volume by voltage impedance, V; an estimate of cytoplasmic/nuclear ratio by radiofrequency conductivity, C; and cytoplasmic granularity/nuclear complexity by laser light scatter, S. Using these parameters, the Coulter counter LH series generates 6 parameters including their mean and standard deviation for each leukocyte (neutrophils, eosinophils, monocytes, lymphocytes, and basophils).
In addition to these, it generates a visual impression in the form of scatter plots based on the similar principles. 4 VCS technology has been utilized in the past for various malignant and nonmalignant conditions for its simplicity and rapid availability of data even in the peripheral centers unequipped with advanced technologies. However, despite being introduced since early 1950s, the studies regarding its utility as a screening tool for AML cases have been sparse. Hence, the aim of this study was to analyze the utility of these readily available CPD parameters and scatter plots as first-line screening tool for rapid and cost-effective screening of AML.
| MATERIAL AND ME THODS

| Instrument: Coulter LH 700 series automated analyzer
The Coulter LH series of hematology analyzers utilizes the Coulter principle for counting and sizing of blood cells. The analyzer uses a reagent system consisting of an isotonic diluent, lytic reagent to lyse the RBCs without significantly affecting the WBCs and a cleansing reagent. For analysis, the sample is aspirated into the analyzer via the manual mode and is diluted in separate WBC and RBC baths. The analysis of cells is done using the "Coulter method" which measures the changes in electrical resistance when the cell, suspended in a conductive diluent, passes through a small aperture called the "sensing zone." Each suspended cell acts as an insulator. As the cell passes through this sensing zone, it increases the resistance of the electrical path momentarily between two submerged electrodes, one located on each side of the aperture. The resistance generates an electrical pulse. The accumulation of electrical pulses is channelized, processed for coincidence correction, and multiplied by a calibration factor, yielding the WBC counts. The Coulter counter LH series give cell population data based on VCS technology for neutrophils, lymphocytes, monocytes, and eosinophils with their mean values and standard deviations (SD). For example, for neutrophils, these data which are given include MNV (mean neutrophil volume), MNV-SD (standard deviation of neutrophil volume), MNC (mean neutrophil conductivity), MNC-SD (standard deviation of neutrophil conductivity), MNS (mean neutrophil scatter), and MNS-SD (standard deviation of neutrophil scatter). Similar parameters apply to lymphocytes, monocytes, and eosinophils.
The LH 700 series applies instrument-generated and/or laboratory-defined flags, codes, and/or messages to each set of patient results. Flags, codes, suspect, and definitive messages are used to alert for an instrument malfunction, specimen abnormality, abnormal data pattern, or abnormal results. 4 
| Study population
A total of 350 samples were studied (100 de novo AML cases, 100 age-matched controls, 100 reactive neutrophilia cases and 50 reactive monocytosis cases).
| AML Cohort
Cases were diagnosed on May-Grünwald Giemsa (MGG)-stained bone marrow aspiration/peripheral blood smears, followed by immunophenotyping, cytogenetics, and molecular analysis. Cases of AML with myelodysplasia-related changes, therapy-related AML, and mixed phenotype acute leukemias were excluded.
| Controls
Adult patients selected for age-matched controls had normal values for hemoglobin (Hb), total leukocyte count (TLC), differential leukocyte count (DLC), and platelet count (PC) as given by the counter and were verified manually. The normal values were set according to the reference standards. 5 These cases did not show any suspect messages or flags and the scatter plot pattern was within normal limits.
| Neutrophilia cohort
For reactive neutrophilia cases, percentage above 85% and/or absolute neutrophil count >8 × 10 9 /L was set as cutoff value. 5 Cases where left shift for neutrophils was seen including blasts, myelocytes, metamyelocytes, and band forms were excluded.
| Monocytosis cohort
Monocytosis cases were selected with monocyte percentage >15%
and/or absolute monocyte count >1 × 10 9 /L excluding cases where any atypical cells and abnormal monocytes and promonocytes were seen. 
| Study Groups
For comparison, 3 study groups were made which were as follows: 
| Parameters Analyzed
Parameters which were analyzed were as follows: For effective analysis, only those patients with >20% blasts or blast equivalent (promyelocytes, promonocytes) in peripheral blood were included in AML cohort and patients with cytopenias were excluded. The average count in peripheral blood for these immature cells was 50.2%. These were confirmed on peripheral blood smear.
Out of 24 VCS parameters, significantly different parameters (P < 0.05) were 16. These were MNV, MNV-SD, MNS-SD, MMV,
MMV-SD, MMC, MMC-SD, MMS, MLC, MLC-SD, MLS, MLS-SD,
MNS, MLV-SD, MES, and MES-SD. Among these, the best four parameters were selected using ROC.
The Mean ± SD, Median of 4 most significant parameters with their P-value are highlighted in Table 1 along with area under curve (AUC), sensitivity, and specificity.
The most significant parameter among the cases vs control was MNV-SD. At a cutoff value of 24.24, this parameter showed the sensitivity of 94% and specificity of 95%. This means for a given case, if the value of MNV-SD was above 24.24, Coulter was able to screen true positives with 94% accuracy and true negatives with 95% accuracy. Similar results can be applied to other significant parameters.
Although the results were quite accurate, we wanted to improve the outcome even better, and hence, we combined the two of the most significant parameters into a statistical function. According to this, at cutoff value of >−1.2291, the AUC of 0.995 was achieved, and it yielded sensitivity of 98% and specificity of 99%. The parameters which were most significant were MNC-SD, MNS-SD, MNV-SD, and MNV. Neutrophil parameters were considered more relevant in this group.
| Group
For all these parameters, using ROC, AUC, cutoff values, sensitivity and specificity % was calculated. The parameter with maximum area under curve was MNC-SD with value of 0.957, followed by MNS-SD > MNV-SD > MNV. At cutoff value of 11.86, the parameter, MNC-SD, was able to delineate true-positive malignant cases with 91% accuracy and true negatives with 90% accuracy. These are highlighted in Table 2 .
Similar to group 1, two statistical equations were devised using significant parameters. One of the equations generated was "−47. had sensitivity of 75% but specificity of 92%. These findings were summarized in Table 3 .
A third statistical equation was generated for this group using two most significant monocytic parameters. The equation thus 
| Flags and Scatter plots
In our study, we observed suspect messages related to immature granulocytes, blasts flags, and flags related to counts. Among WBC flags, immature granulocyte (Imm NE1, Imm NE2) and blasts-related flags were considered along with counts-related flags such as leukocytosis, leucopenia, thrombocytopenia, and anemia were studied. All our controls did not show any flags. However, the most common flag in AML cases was Imm NE1 seen in 65% cases, followed by Mo Blasts flag seen in 54% cases. Other flags such as Imm NE2, Ly Blasts, and Ne Blasts were seen in 36%, 22%, and 21% cases, respectively.
In the second comparison group of AML FAB M2, M3, and M4 vs reactive neutrophilia cases, the Mo Blasts flag (59%) and Ne Blasts flag (28%) were seen exclusively in AML cases and none in reactive cases. The Ly Blasts flag was seen in 16% of AML cases and only 1% in reactive cases. Imm NE2 was more common in AML cases (70%) compared to reactive cases (47%). So the flags Imm NE 2, Mo blasts, Ly blasts, and Ne blasts were most significant flags in this group and the difference was statistically significant (P < 0.05).
In the third comparison group of AML FAB M4, M5 vs reactive monocytosis cases, only flag Imm NE2 was found to be different in malignant group (75%) vs reactive group (18%) and this difference was statistically significant (P < 0.001). (2) distribution between within the scatter plot quadrants allocated to normal cell types, for example, a blast cell is counted as a neutrophil if it falls within the "neutrophil box," even if it is recognized as being abnormal.
F I G U R E 1 Box and whisker plots for parameters-MNV-SD (A1), MNC-SD (A2) and MNS-SD (A3) among controls (0) versus reactive neutophilia (1) versus AML-M2, M3, M4 (2). Box and whisker plots for parameters-MMV-SD (B1), MMV (B2) and MMS-SD (B3) among controls (0) versus reactive monocytosis (1) versus AML-M4, M5
The scatter plots obtained from all 100 AML cases represented marked variations from the normal. To recall, in all AML cases that we recruited, had the blasts or blast equivalents populations in the peripheral blood. These blasts are usually larger (represented by volume) and have complex surface characteristics (represented by rotated light scatter).
The 100 scatter plots which were obtained were divided into 5 hypothetical patterns which were most commonly observed.
Pattern 1 represents the monocyte scatter is shifted upwards and to the right toward the neutrophil quadrant, pattern 2 is where the lymphocyte scatter is shifted either toward the monocyte and neutrophil quadrant, pattern 3 is shifting of neutrophil scatter either toward the monocyte and lymphocyte quadrant, and pattern 4 is the combination of pattern 1, pattern 2, and pattern 3. The 100 AML scatter plots were divided into any of these 4 patterns. Among these, pattern 1 was most common accounting for 56% of cases followed by pattern 2 (30%). Pattern 3 and 4 were seen in 24% and 19% of cases, respectively.
We segregated the AML cases according to FAB classification.
The most common pattern observed in M1 category was pattern 2.
M2, M3, M4, and M5 cases had most common pattern 1. In M6, pattern 2 was most common. The relative frequencies of other pattern according to FAB categories are shown in Table 4 along with the pictorial representation and the corresponding example as given by the counter is given for clarification.
The scatter plot patterns in reactive cases were also analyzed.
In all the reactive neutrophilia groups, the scatter of the neutrophils was increased; however, there was no overlap with the other cell quadrants. The most common pattern in the AML M2, M3, M4 cases was pattern 1. No specific pattern was seen in reactive monocytosis and its malignant counterpart (AML M4, M5).
| D ISCUSS I ON
This study was done to evaluate the efficiency of VCS technologybased CPD, flags, and scatter plots in discriminating AML cases from age-matched normal controls and also from the reactive population in resource-constrained settings unequipped with advanced diagnostic modalities.
| CPD/VCS Parameters
Since its inception, CPD parameters from automated counters have been used to diagnose a number of hematological patholo- normal controls. For MNS, at cutoff value of <139.3, a sensitivity of 71.8%, and a specificity of 86.4% were achieved and for MNC, at cutoff value of <150.9, a sensitivity of 70.4%, and a specificity of 76.3% were achieved with AUC of 0.752. 6 Haschke et al 7 controls. 9 Celik et al 10 studied the neutrophil VCS parameters of 76 neonatal patients with proven sepsis and concluded that these parameters which were statistically significant were MNV, MNC, MNS, and distribution width (DW) of these parameters. 10 Lee et al 11 studied umbilical cord blood from 99 neonates in predicting pathologically confirmed chorioamnionitis and observed that MNC, MNC-SD from cord blood showed the best predictive ability for chorioamnionitis.
11
In our study, we had studied 100 AML cases proven by morphology, cytochemical, flow cytometry, and molecular analysis.
The most significant parameters to screen out these cases by
Coulter counter came out to be MNV, MNV-SD, MMS, and MLS with MNV being the most significant with sensitivity of 94% and specificity of 95%.
Similarily, we analyzed the reactive neutrophilia cases with AML FAB subcategories M2, M3, M4 which have preponderance of neutrophilic precursors. In this group, MNC-SD was the most significant parameter with sensitivity of 91% and specificity of 90%. In the third comparison group of reactive monocytosis group vs AML FAB M4, M5, the most significant parameter observed was MMV-SD with sensitivity of 94% and specificity of 80%.
Although the results were highly significant, we wanted to improve our outcome by devising a statistical equation using 2 of the most significant parameters. Three statistical equations were generated for all three comparison groups. The results were even better with sensitivity reaching up to 98% and specificity 99%. Using this, they were able to detect malaria with 98% sensitivity and 94% specificity. 
| Scatter plots and flags
Apart from the CPD parameters, we also studied the scatter plot patterns of all AML cases. Similar patterns were studied by Bruno et al 13 and Pettitt et al 14 in acute leukemias using Coulter automated analyzer. Bruno et al in 1994 studied peripheral blood from 42 leukemic patients and evaluated the DF1 scatter plots on Coulter counter using system-defined X1 to X7 flags. In this study, the most common flag obtained was X6 flag seen in 95.23% of the cases either alone (11%) or in combination with other flags (83%). This flag represented tri-regional alarm which appeared in the lymphocyte or in the monocyte or the neutrophil area. 13 The most common pattern in our cases was pattern 1 either alone (56%) and in combination (75%) of AML cases where the monocyte scatter shifted toward right overlapping with neutrophil quadrant. Another study which studied the DF1 scatter plot pattern was done by Pettitt et al 14 in 1995; peripheral blood of 63 patients was studied who presented with acute leukemia. They divided these patients into 6 common patterns. In this study, the most common pattern obtained was similar to ours where there was shifting and increase in monocyte scatter toward the neutrophil quadrant. 14 In both these studies, the Coulter STKS system was used for analysis; however, in our study, we used Coulter LH series of automated counter. We could not retrieve any other study which utilized these scatter plot patterns in screening out of AML cases. Hence, to best of our knowledge, ours is the first study which analysed in detail the utility of CPD parameters, flags, and scatter plots in AML cases.
| CON CLUS ION
Diagnosis of hematological disorders can be time-consuming and expensive. There is a need for an efficient and quick screening tool for initial workup for these malignancies in peripheral resourceconstrained settings for their timely referral and treatment.
Based on the results of our study, we found that the CPD data, flags, and scatter plots provide useful information which can be used for screening AML cases. Either alone or using combination of VCS parameters, the sensitivity in screening out AML cases was as high as 98% and specificity of 99%. The statistical equations which we generated could be developed into a preinstalled software programs that can be utilized by underskilled staff in peripheral laboratories. This was further improved when the CPD results were combined with corresponding flags and scatter plot patterns which are easy to interpret and give quick visual impression in abnormal cases. In addition to this, we were also able to screen out malignant cases which showed precursor immature cells from their reactive counterparts. These results were promising in the ongoing quest to develop accurate, rapid, and reliable hematology analyzer-based diagnostic tool for the AML.
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